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Abstract
Appropriate design and control of testing conditions during assessment of animal behavior is
critical to maximize generalizability, replicability, and translational relevance. Some sensory
stimuli are often controlled: for instance, during rodent behavioral testing, efforts are commonly
made to reduce or eliminate olfactory and auditory distractions. However, less attention is paid to
the ambient light level intensity (lux), which may vary even between rooms in the same facility.
We sought to explore whether behavior is influenced by the standard illumination intensity in one
of our behavioral testing rooms. To this end, we measured anxiety-like behaviors, exploration, and
spatial memory performance in 7-month-old, male, Sprague-Dawley rats under conditions of either
the standard bright light of the testing room (618 lux) or dim light (10 lux). During the openfield and novel object location tasks (OFT and NOL, respectively), rats in the bright light condition
froze more often and spent more time frozen than rats in the dim condition. In addition, in the OFT
with bright illumination, rats spent more time in the corners of the apparatus. No differences were
detected in overall mobility or total time spent in the center of the OFT and in object preference or
mobility in the NOL with varying levels of illumination. We conclude that in these rats, bright
light increases freezing behaviors without altering overall mobility or spatial working memory
performance. Our data confirm the importance of measuring, reporting, and controlling lux in
experiments measuring rodent behavior.
Keywords: Lux, Open field test, Novel object location test, Anxiety, Memory
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Introduction

Differences in the testing environment may be critical for shaping animal behavior, as they
can influence the validity and generalizability of the results. As summarized in a recent review
(Saré et al., 2021), there are many potential confounding factors that should be considered before
running experimental trials, to ensure replicability both within the same lab and between labs
(Table 1). It is important to keep the testing site within the same lab and individual studies
consistent. Anxiety-like behaviors in mice differed within the same laboratory when the testing
location changed (Wahlsten et al., 2006). In the housing facility and testing site, noise from heavy
personnel traffic increased corticosterone levels in laboratory animals (Rabat, 2007). Handling can
also influence animal behavior and therefore results of behavior assays. Higher overall mobility
was observed in both Sprague-Dawley and PVG/OlaHsd rats that were handled before testing as
compared to strain-matched rats that were not handled (Schmitt & Hiemke, 1998). The
experimenter identity should remain consistent, as handling techniques can differ. The
experimenter was the largest influence on tail-withdrawal latencies following hot water
submersion, and this effect was not caused by the sex or age of the experimenter (Chesler et al.,
2002).

Any vulnerability or resilience to environmental variables can magnify or obscure true
effects, therefore increasing error rate and reducing accuracy of behavioral tests. This is important,
as behavioral assays often display high variability and small effect sizes. For instance in the novel
object recognition (NOR) test, the mean preference score for the novel object is 60-70% for healthy
animals, and 50% for equal exploration time of the novel and familiar objects (which would be
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interpreted as showing no memory of the familiar object), meaning that even moderate effects of
extraneous factors may increase the likelihood of erroneous conclusions (Gulinello et al., 2019).

Table 1
Possible confounds in rodent behavioral testing
Time of day
Testing site
Auditory stimuli
Olfactory stimuli
Light level
Experimenter
Handling
Order of tests
Spacing between tests
Housing density
Note. These factors can act as confounding variables if not properly controlled for, therefore, affecting the
replicability and generalizability of the experimental results. While auditory and olfactory stimuli are often
controlled for, light level is often not.

Without consensus, research has explored the impact of light level on assays of anxiety,
for instance the elevated plus maze (EPM) and OFT. Several labs have found that in rats, higher
lux levels are associated with increased anxiety-related behaviors in an OFT (Bouwknecht et al.,
2007; Hughes et al., 2014; Miller et al., 2021) and EPM (Garcia et al., 2011; Kapogiannatou et
al., 2016). Similar results for OFT were also observed in mice (Martin-Arenas & Pintado, 2019).
These data are consistent with rodent preference for dimly-lit areas, which is the reason why
several behavioral tasks such as inhibitory avoidance (Atucha & Roozendaal, 2015) and the
light-dark box (LDB; Bourin & Hascoët, 2003) are performed in dim-light conditions. However,
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prior results found no difference in EPM performance in differently lit environments in rats
(Becker & Grecksch, 1996) and mice (Shoji & Miyakawa, 2021), suggesting a need for further
study.
Moreover, less attention has been focused on the impact of light level on commonly used
assays of working memory, despite the known relationship between other stressors and memory
performance (Ma et al., 2007). Nile grass rats showed impaired spatial memory in a Water Maze
(WM) when tested in dim light, but performance was regained if the rats were transferred to the
bright condition (Soler et al., 2018). In contrast to these results, BALB/c mice performed well
under the dim condition in WM, but could not complete the task in bright conditions, when their
corticosterone levels increased (Huang et al., 2012). Bright light during the familiarization phase
of NOR is required for the formation of long-term, but not short-term memories (Moore et al.,
2013). The same study found significantly altered plasma corticosterone levels between dim/low
conditions, but these differences did not impact eventual testing performance (Moore et al.,
2013). Results concerning the impact of lux on locomotor activity are likewise mixed. Reduced
locomotion due to bright light has been observed (Godsil & Fanselow, 2004) while other
experimenters have found no difference in locomotion (Garcia et al., 2005; Kapogiannatou et al.,
2016). The impact of lux on locomotion may also be dependent on sex, as reduced locomotion
has been observed in female rats but not males (Miller et al., 2021).
There are significant rodent strain differences regarding vulnerability to stress and
expression of anxiety-like behaviors (Ramos et al., 1997). Comparison of OFT behavior between
Wistar and Fawn Hooded rats found that the strains respond differently to lighting conditions
during testing (Hall et al., 2000). Lewis rats and spontaneous hypertensive rats exhibit both strain
and sex differences in several measures of anxiety-like traits (Ramos et al., 1998, 2002). On the
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elevated plus maze, older rats tested towards the end of the light period performed worse than
younger rats and older rats tested earlier in the light period, even given the same inter-trial
interval (Morales-Delgado et al., 2018) and in a measure of exploratory behaviors in the EPM,
the impact of bright vs dim light likewise depended on the age of the rat and the time of day of
testing (Albani et al., 2015). Even given the same rodent age, sex, and housing/testing
environment, rats obtained from different vendors exhibit different performance on OFT and
LDB testing (Tsuda et al., 2020). Circadian factors and apparatus details, such as color, can also
impact performance. In OFT, mice tested in an arena with a black floor tended to display more
exploratory behaviors and reduced anxiety (Kulesskaya & Voikar, 2014). The sensitivity to
lighting conditions during behavioral tasks is likely based on the nocturnal nature of many
species of rodents. In Long-Evans rats, sleep occupies 80% of daytime hours (Frank et al., 2017)
and in Wistar rats a similar percentage of food consumption occurs during the nighttime (Sidlo et
al., 1995). However, most behavioral assays are performed during the light cycle (Aslani et al.,
2014), often due to issues of experimental feasibility. These studies suggest that environmental
conditions can alter behavior differently depending on other variables. While age, sex, strain, and
time of testing are typically reported, we argue that ambient environmental factors should
likewise be reported.
Here, we compared behavior on OFT and NOL under the standard illumination levels of
an animal testing room at 618±2 lux with behavior in a low, 10±0.2 lux illumination. The goal of
this experiment was to determine whether the light level of our testing room would impact
performance on two common behavioral tasks. Illumination was sufficient to allow the rat’s
behavior to be captured by a standard 1080  720p webcam (C615, Logitech, Lausanne,
Switzerland) and tracked in AnyMaze software (version 7.08, Stoelting Co., Wood Dale IL,
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60191). The OFT is a well validated assessment of anxiety-like behaviors that relies upon the
balance between a rat’s tendency to spontaneously explore its environment and the innate desire
to stay near walls or vertical sections (thigmotaxis; Bouwknecht et al., 2007; Cunha & Masur,
1978; Prut & Belzung, 2003). OFT is sensitive to pharmacological, environmental, and genetic
manipulation (Bronikowski et al., 2001; Choleris, 2001; Rojas-Carvajal et al., 2018). The NOL
task is a variant of the novel object recognition task where the target object is moved to a new
location within the apparatus between the learning and testing trials. NOL relies on the innate
curiosity of the rat to explore changed aspects of the environment (Vogel‐Ciernia & Wood,
2014). NOL is an effective assay of spatial learning and memory performance and is heavily
reliant upon hippocampal processing (Denninger et al., 2018; Mumby et al., 2002; Poulter et al.,
2020), making it a useful test in animal models of hippocampally associated diseases like
Alzheimer’s Disease. NOL can be performed without the need for extensive pre-test training
(Vogel‐Ciernia & Wood, 2014), with different inter-trial intervals, and at a low cost (Denninger
et al., 2018), making it a versatile and flexible behavioral assay.
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Materials and Methods
Ethics statement
All procedures were approved by the University at Albany Institutional Animal Care and
Use Committee (IACUC).
Animals and acclimatization
All experiments were performed on 37-38 week old male Sprague Dawley rats, CD substrain (Charles River Breeding Laboratories, Wilmington, MA 01887). Prior to behavioral testing
rats were handled for 10 minutes per day for 7 days in the same room as behavioral testing under
the bright/ambient light conditions, in order to familiarize the rats to the experimenter and the
testing room. Rats were naive to the behavior assays used in this experiment but had been assessed
for working memory in a different apparatus approximately 4 months prior. Rats were pair housed
throughout the entire experiment, given ad libitum access to standard lab chow and water, and kept
on a 12:12 light:dark cycle (lights on at 7 am). All testing was performed during the day cycle
between 9:30 am and 2:00 pm. Each cage of pair-housed rats had one rat assigned to the dim-light
condition and one rat assigned to the bright-light condition. Testing order was counterbalanced to
account for any potential effect caused by the brief removal of their cage-mate.
Apparatus and lighting
The testing apparatus consisted of a matte-black plexiglass box 100 cm  100 cm  30cm
(L  W  H). Target objects for NOL consisted of two identical 250 ml Wheaton bottles filled with
bright blue liquid and festooned with colored tape. The 618 lux light for the bright condition (Fig.
1A) was produced by overhead fluorescent bulbs and light for the dim, 10 lux condition (Fig. 1B)
was produced by a single overhead 40-Watt bulb attached to a dimmer. Daily, before training or
testing, lux was measured at the center of the apparatus via handheld lux meter (LX1330B, Dr.
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Meter, Newark, CA 94560) to ensure intensity remained at the predetermined lux level. The
apparatus was thoroughly cleaned with 70% ethanol between trials to eliminate any residual odors.
Rat behavior was recorded via an overhead camera connected to a laptop directly outside the
testing room. Prior to testing, rats were kept in a closed hallway outside the testing room and given
a minimum of 30 minutes after transport before testing. Then, 5 minutes prior to the start of
behavioral training or testing, rats were moved into a holding cage in the testing room and allowed
to acclimate to the experimental lighting condition.

Figure 1
NOL testing in different lighting conditions

B

A

Note. NOL apparatus in the bright (left) and dim (right) conditions. The placement of the novel and familiar
objects was counterbalanced across trials and subjects.
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OFT and NOL
During OFT, rats were placed in the center of the apparatus, recorded for 5 minutes, and
then returned to their home cage. One day following OFT, rats were trained in NOL in the same
apparatus, in the same room, under the same lighting conditions. During training, both objects
were placed on either corner of the same wall and rats were placed on the opposite side of the
apparatus in corner diagonal from the target object. Configuration of the bottles and placement of
the rats within the apparatus were counterbalanced between conditions to account for any potential
biases. Behavior was recorded for 5 minutes and then each rat was returned to its home cage. Light
level, pre-trial acclimation period, and objects were the same as those used during NOL training.
The target object was moved to the corner diagonally opposite from the familiar object and the rat
was placed in the same corner of the apparatus as during training. Following completion of NOL
testing rats were removed to their home cage and returned to the colony room.
Figure 2
Counterbalancing of target and familiar object locations in NOL

Note. The placement of the target and familiar object locations was counterbalanced across trials and
subjects. The target object was moved to the other corner of the same wall for the testing phase.
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AnyMaze and rater scoring
OFT and NOL performance was measured automatically with AnyMaze software by raters
uninvolved with the original experiment. Test videos of non-experimental animals were analyzed
first to ensure that the rats could still be seen by the camera in sufficient clarity to allow for
behavioral scoring in AnyMaze. During analysis, raters manually scored rearing behaviors in both
OFT and NOL and manually scored object interaction in NOL. Three raters scored every video for
OFT and two raters scored every video for NOL, with the mean taken of all scores to be used for
analysis. While blinding to the independent variable was not possible, raters were blind to the
location of the novel and familiar object in the apparatus. Primary behavior measures for OFT
were overall mobility, time spent and entries into the center 4 squares, time spent and entries into
the 4 corner squares, time spent and entries into the peripheral squares along the walls, episodes
of and time spent freezing, and episodes and time spent rearing. Primary behavior measures for
NOL were overall mobility, time spent exploring the novel vs familiar object, discrimination ratio
between the novel and familiar object, episodes of and time spent freezing, and episodes of and
time spent rearing. During OFT one rat broke a nail and was excluded from all later analysis.
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Results
OFT
Levene’s test for assumption of normality was violated for time spent and episodes of
freezing, therefore the non-parametric Mann-Whitney U test was used to compare group
distributions. Student’s T-test was used for all other analyses. Rats in bright-light condition froze
more frequently (U = 73, n1 = 9, n2 = 10, * p = 0.02; Fig. 3A), spent more time frozen (U = 73.5,
n1 = 9, n2 = 10, * p = 0.02; Fig. 3B), and spent more time with their heads within the corners of
the apparatus (T = 2.229, df = 17, * p = 0.04; Fig. 4). No significant differences were detected in
overall distance travelled or time spent in the center zone.

Figure 3
Freezing behavior during OFT is dependent on light level

Note. (A) Rats in the bright light condition froze more frequently and (B) spent more time freezing.
Error bars represent standard error of the means (SEM). * p < 0.05.
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Figure 4
Anxiety-like behavior during OFT is dependent on light level

Note. Rats in the bright light condition spent more time with their head in the corner during OFT.
Error bars represent SEM. *p < 0 .05.

NOL
Levene’s test for assumption of normality was violated for time spent and episodes of
freezing, therefore the Mann-Whitney U test was used to compare group means. Rats in the
bright-light condition froze more frequently (U = 20, n1 = 9, n2 = 10, * p = 0.043; Fig. 5A) and
spent longer frozen (U = 20, n1 = 9, n2 = 10, * p = 0.043; Fig. 5B). No significant differences
were detected in overall distance travelled, time spent exploring the novel or familiar objects, or
discrimination ratio between the novel and familiar object.
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Figure 5
Freezing behavior during NOL is dependent on light level

Note. (A) Rats in the bright light condition froze more frequently and (B) spent more time freezing.
Error bars represent standard error. * p < 0.05.

12

Discussion
Our results show that bright ambient illumination increases anxiety-like behaviors in male
rats. Accordingly, rats tested in bright light conditions displayed increased freezing behaviors and
preference towards staying in the corners of an open field. Further, the anxiogenic effects of bright
lighting conditions persisted between OFT and NOL. However, despite the apparent anxiogenic
effect of the brighter environment, no difference was detected in overall mobility in either test, nor
any difference in object preference and exploration in NOL. This may be because the bright light
was not sufficiently stressful to interfere with memory encoding. From raters’ observations of the
trials, it is also possible that rats in each condition were acclimating to the light conditions during
the trial, so our data may represent the speed and manner of acclimation to the light intensity while
obscuring differences in memory performance. Alternatively, movements in bright conditions may
tend to be faster, albeit being interspersed with periods of immobility. Future studies will examine
trials broken up into timepoints to determine if acclimation is indeed influencing behavioral
outcomes. If so, a longer pre-trial acclimation period can be used to minimize this effect.
This study has several important limitations. Our experiments were only performed in male
rats of a particular strain (Sprague-Dawley), within a narrow age range. These rats were tested at
just two light levels based on previous literature and conditions within the testing facility. As sex
differences exist for other aversive stimuli, such as pain sensitivity (Vierck et al., 2008), it is
reasonable to assume that sex differences may likewise exist for the anxiogenic potential of bright
light. Further work would be required to determine whether sex, strain, and age effects exist.
Different spectra of light, such as red light, can also be investigated. Likewise, wider extremes of
light levels may impact behavior, although many of these values would not be found in typical
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testing environments. Future experiments would benefit from monitoring molecular measures of
stress before and after the behavioral task or from expanding the behavioral tasks of interest.
It is also possible to incorporate environmental variables into the design of behavioral
assays to expand the validity and increase sensitivity. A potential solution to the possible confound
of bright illumination is to integrate light level into the design of the task, such as hybrid behavioral
tasks that combine aspects of OFT and LDB (Shanazz et al., 2021) and EPM (Ramos et al., 2008).
Light-dark open-field increases test discrimination and raises the ceiling for detection of anxietylike behaviors in both Sprague Dawley and high-anxiety Lewis rats by incorporating brightly lit
and shadowed areas into a standard OFT apparatus (Shanazz et al., 2021). Increasing the types of
environments accessible during behavioral assessment can likewise integrate light level into the
overall design. Ramos et al. (2008) examined the use of a hybrid apparatus that connected an openfield arena to an elevated plus maze (via the closed arms) and then onto the dark chamber of a
light-dark box. This model allows for simultaneous assessment of multiple measures of anxietylike behaviors such as exploration (center area in OFT or open arms in EPM), thigmotaxis
(peripheral time in OFT or closed-arm time in EPM) and aversion to brighter illumination (center
area in OFT, open arms in EPM, light section in LDB. By integrating lighting conditions into the
overall design of the assay, experimenters can minimize confounds and increase the quality of
their behavioral data.
In sum, awareness of and accounting for potential environmental cues and stimuli is an
important aspect of experimental design. In the case of light intensity, behavioral changes that may
be apparent under dim light may be suppressed under bright testing conditions, potentially
reducing the sensitivity of behavioral assays and obscuring genuine behavioral effects. For this
reason, experimenters must endeavor to consider potential sensory experiences from the subject’s
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perspective. While traditional experimental wisdom holds that extraneous factors of an experiment
are mitigated by keeping such factors consistent across experimental groups, this rationale only
applies if the extraneous factor has a consistent effect across groups. For variables that can be
considered stressors, there may be group differences in the vulnerability or resilience to such
stressors, confounding potential results. Therefore, every effort should be made to minimize the
influences of such variables.
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